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ABSTRA T 
The effect of the local injection of d-aldo terone and hydrocorti one on the function of 
the human sweat gland have been studied. Both aldosterone and hydrocortisone increa e 
odium reabsorption and pota ium excretion. With both steroids, a maximal effect on 
Na jK ratio was een in 24 hour . The rate of sweat secretion was reduced by aldosterone 
but not by hydrocorti one. 
After repeated expo ure to a hot nvironment 
the ecretion of aldo terone increa~ es cau ·ing a 
decrea. e in the output of odium chloride by the 
weat gland ( 1, 2). This proce s is generally 
con idered an important part of heat acclimatiza-
tion. A. defined by Collins et al. (3) however, 
h at acclimatization i a tate of enhanced 
thermoregulatory capacity characterized by an 
increa e in weat rate, a shortened latent period 
for the initiation of sweating and the onset of 
weating at a lower body temperature. Collinf' 
and his as ·ociate (3) further po tulated that 
salt con ·ervation by the sweat gland. i. not an 
es. ential feature and thus, aldo. terone is not 
re pon ible for heat acclimatization. 
De. pite this disagreement regarding the role 
of ·alt-active adrenal hormones in the proces of 
a climatization, the . odium-retaining effect of 
aldo terone on th weat o·land has been fre-
quently observed (1, 2, 4, 5). In most of these 
studief'l . weating wa induced with pilocarpine or 
mecholyl and pharmacologically-indu ed sweat 
differs sub 'tantially from thermally-induced 
w at, especially in terms of its potassium, and 
occa ionally, it~ sodium content (6). 'I'hus, 
pharmacologic . timulation may not be suitable 
to study mall change~ in sweat electrolyte 
content induced by salt-retaining steroids. In 
addition, . wea rate~ have not been considered 
appropriately in ma,nv former studies, although 
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weat rate i a critical factor determining the 
electrolyte content of sweat. Thermal sweating, 
on the other hand, also ha limitation since 
prolonged or repeated exposure to heat can, itself, 
produce odium depletion 'vhich will induce 
increased aldosterone ecretion or can, perhap , 
exert some direct effect on the sweat gland (7) . 
These technical difficulties can be overcome even 
with thermally-induced weating if mall do es 
of corticosteroid are injected loeally and weat 
gland function in thi area compared with a 
contralateral, untreated, control site. 
Both glueocorticoid and mineralocoritcoid 
adrenal hormone._ influence the urinary excretion 
of sodium and potassium (8) without altering 
renal homodynamics (9). However, since their 
effect on the human eccrine sweat gland is not 
well understood, the pmpose of this tudy is to 
detail the action of both hydrocortisone and 
aldosterone on this oro·an. 
METHODS 
A. Aldosterone 
1. Three male medical students, aged 23 to 25, 
were used as experimental subjects. A solution of 
aldosterone was prepared two to three hours 
before each injection by dissolving d-aldosterone 
crystals (Calbiochemicals) in Hinger's solution . 
These solutions were shown, by paper chromatog-
raphy, to be free from contamination or degrada-
tion. At :00 A.M., one ml of 1 X 10-4 M aldos-
terone (38 p.g) in Hinger 's solution was injected 
intracutaneously into the right upper back (Site 
I), so that the entire test site of 4.5 cm 2 "'as in-
cluded in the injection wheal. Five hours later , 
the same dose of aldosterone was injected intra-
cutaneously into the right upper back below the 
site of the first injection (Site II). One ml of 
Ringer's solution alone was injected into the left 
upper back (Site III). 
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Beginning 5, 24 and 72 hours after the second 
injection of aldosterone, thermal sweating was 
induced in an environmental room (46° C. initially, 
48° C. finally, RH = 80%) . Sweat was collected on 
filter paper within a sealed, aluminum chamber 
(10) every five minutes after an initial ten minute 
period. Sweat was analyzed for sodium and potas-
sium content by flame photometry. 
2. Fifteen male medical students , aged 22 to 25, 
were used as experimental subjects. To minimize 
the possibility of a systemic effect of the injected 
aldosterone and repeated heat exposure , one dose 
of aldosterone (38 J.Lg) was injected into only one 
area of the upper back . One ml of Ringer 's solu-
tion was injected into the contralateral side. 
Thermal sweating was induced twice , 24 and 72 
hours after inject ion. Sweat induct ion and collec-
t ion were the same as above. 
B. Hydrocortisone 
1. Nine male medical students, aged 22 to 25 , 
were used as experimental subjects. Some of these 
subjects had been used in the aldosterone study. 
In such cases, t he experiments were scheduled at 
least three weeks apart and different areas of the 
back selected for testing. Five mg of hydrocort i-
sone (sodium succinate) in Ringer 's solution were 
injected in the right upper back and Hinger 's 
solution alone in the left upper back. Thermal 
sweating was induced 24 and 72 hours after inj ec-
tion. 
The dose of aldosterone and hydrocort isone was 
based on the assumpt ion that 73 to )i of the endog-
enously secreted corticosteroid (120 (11) to 250 J.Lg 
(12) for aldosterone and 25 mg (12) for hydrocor ti-
sone) would not cause any significant systemic 
effect. Furthermore, McCon ah ay et al. (13) failed 
to detect any effect from 1.5 to 1.8 '"'g of aldos-
terone/ Kg/ hr for five hours intraveno usly. Those 
who have observed an effect from aldosterone used 
much larger doses (400 to 2000 J..tg ) than those used 
in t he present study (4, 5). 
RESULTS 
A. . Aldosterone 
In Figure 1 plots of sodium concentration vs. 
weat rate at various times after injection of 
aldosterone are shown for the three subjects. 
Two of the three (J S and GN) showed a response. 
I n subj ect J S, sodium conservation began be-
tween five and ten hours, reached a maximum at 
24 to 29 hour._ and almost returned to the control 
level 77 hour after injection. In subject GN, a 
similar response wa obtained except the sodium-
retaining re. pon e wa not seen ten hours after 
injection. 
Sweat potassium concentrations did not how 
any significant change throughout the test period 
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in these subjects. Figur 2 shows plot:-; of potas-
sium concentration v . sweat rates when the 
sodium-retainino· effect wa maximum (24 to 29 
hour). 
Figure 3 show plots of N a ; K ratio v . weat 
ra.te for the a rne subject . Since there wa no 
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the three subjects treated with aldosterone. 
change in potassium excretion, N a / K ratio re-
flects only the alteration in sodium concentration. 
Table I lists the mean and maximal sweat 
rates for the 15 subjects injected once with aldos-
terone. In 13 of 15, the sweat rates decreased 
after 24 hours. In the 15 subjects the mean de-
crea e in sweat rate was 13 and 16 % for the mean 
and maximal sweat rate respectively. Seventy-
two hours after injection, this decrease was 
statistically insignificant only for the mean sweat 
rate. 
Table II lists the estimated sodium concentra-
tions at sweat rates of 10 and 15 ml/ min / m2, 24 
and 72 hours after injection. Since sodium con-
centration is a function of sweat rate, the esti-
mated values for sodium were obtained in each 
subj ect from the curves of sodium concentration 
(curve obtained by connecting plots of sodium 
concentrations vs . sweat rates). Twenty-four 
TABLE I 
Mean and maximal sweat mles for the 15 subjects treated w~: th aldosterone 
Subject Control (ml/ min/ rn2) 
Mean Max. 
1. PJ 7.4 10.9 
2. HH 9.8 14.5 
3. ()(: 10.1 17 .6 
4 . FM 10.2 16.7 
5. !fM 26.6 40.8 
0. At-\ 15.1 24.6 
7. KJ 21.9 29.9 
8. 'I'D 9.8 14 .9 
9. lJ 14.5 29 .3 
10. HV 7.4 11.6 
11. .JB 12 .6 22.0 
12 . NN 10 .1 17 .3 
1:3. co 12 .9 21.0 
1-L JN 11.3 17.9 
15. en 15.4 25.1 
-----
Mean± 13.0 ± 20.9 ± 
H.E.M. 1.32 2.02 
* 0.02 < p < 0.05 . 
t 0.005 < p < 0.01. 
t 0.001 < p < 0.005. 
24 hours 
Hydrocortisone 
(ml/ rnin/ m2) 
Mean Max. 
9 .8 14.5 
8.5 13 .0 
8.3 13.6 
8.7 15 .1 
24.9 42 .1 
11.4 17 .3 
17.9 24.5 
8.8 14.0 
13 .4 19 .6 
5.9 8 .2 
11.3 20.6 
9.7 14.0 
9.4 15.0 
7.3 9.8 
12 .2 21.6 
---
11 .2 ± 17.5 ± 
1.17 2.03 
N ._': Not igni:ficant at the 5 / (l level. 
72 hours 
Decrease in Control Hydrocortisone 
sweat rate (%) (ml/ rnin/ m2) (rnl/min/ m2) 
Mean Max. Mean Max. Mean Max. 
-32.4 -33.0 7.0 11.-l 7.5 11.3 
13 .3 10 .3 11.6 15 .3 12.9 17.2 
17 .8 22.7 9.9 14.6 7.2 10.7 
14.7 9.6 10.9 16 .3 9.8 15 .9 
6.4 -3 .2 16.4 29.8 15 .8 29.3 
24.5 29.7 16.2 23.7 15.6 25.6 
18.3 18 .1 13.7 24.0 15.7 33.1 
10.2 6.0 9.9 17.4 10.1 16.3 
7.6 33 .1 12.8 20.4 12 .6 20 .3 
21.3 29.3 7.5 11.1 5.8 8.7 
10 .3 6.4 12.4 20.0 11.0 16.6 
4.0 19 .1· 9.0 15.0 9.5 16.4 
27.1 28.6 17.8 32.4 12.0 17.8 
35.4 45.3 10.3 14 .5 7.9 11.1 
20.8 13 .9 18.1 29.5 13 .3 20.2 
13 .3 ± 15 .7 ± 12.2 ± 19.6 ± 11.1 ± 18 .0 ± 
3.80 4.73 0.93 1. 70 0.82 1. 75 
t t 
Decrease in 
swea t rate (%) 
Mean Max. 
6. 7 0.9 
-8.4 - 12.4 
27 .3 26.7 
10.1 2.5 
3.7 1.7 
3.7 -8.0 
-14.6 -37.9 
-2 .0 6.3 
1. 6 0.5 
22.7 21.6 
11. 3 17 .0 
-5.6 -9.3 
32.6 45.1 
23.3 23.4 
26 .5 29 .1 
9.3 ± 7.1 ± 
3.59 5.14 
* NS 
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TABLE II 
The estimated sodium concentrations at sweat rates of 10 and 15 ml/min/m2 
24 hours 72 hours 
Subject SR = 10 SR = 15 SR = 10 SR = 15 
A B c D E F G H Aldosterone Control 
(meq/ L) (meq/L) Aldosterone Control Aldosterone Control Aldosterone Control 
1. PJ 26 51 49 81 31 34 72 71 
2. HH 75 82 99 100 65 69 89 91 
3. DG 92 105 109 118 103 99 116 113 
4. FM 76 70 97 93 78 59 96 85 
5. MM 17 36 24 48 29 29 44 44 
6. AS 22 46 37 64 29 29 40 44 
7. KJ 63 86 75 95 75 74 89 8 
8. TD 82 88 91 95 68 68 92 92 
9. IJ 30 40 47 57 30 30 49 48 
10. HV 95 93 100 100 98 96 103 98 
11 . JB 19 32 37 53 24 27 51 51 
12. NN 72 94 89 103 69 79 89 95 
13. co 72 89 91 102 84 84 97 97 
14. JN 53 73 70 85 82 87 89 93 
15 . GB 27 30 49 47 37 28 59 47 
-----
Mean 54.7 67.7 70 .9 82.7 60.1 59 .5 78 .3 77.1 
± S.E.M. ± 7 .1 ± 6.4 ± 7.0 ± 5.8 ± 6.9 ± 6.8 ± 6. 0 ± 6.0 
p < 0.001 p < 0.001 P > 0.7 (NS) P > 0.5 (NS) 
SR: Sweat rate (ml /min / m2) ; NS: Not significant at t he 5o/: level. 
t-test of difference between A and E, 0.01 < P < 0.02 ; C and G, P < 0.001 ; B and F, P < 0.001 ; 
D and H , 0.001 < P < 0.005 . 
hours after injection, the sodium concentrations 
of aldosterone-treated sites were significantly 
lower (p < .001) than that of the control at both 
sweat rate . Seventy-two hours after injection 
there was no difference between the aldosterone-
treated sites and the controls. As can be seen in 
Figure 2 potassium concentrations of thermally-
induced sweat are high and irregular at low sweat 
rates, but become fairly constant at higher flweat 
rates. Thus, only tho e samples with sweat rates 
between eight and 20 ml/ min / m2 were u. ed for 
the calculation of mean potas ium concentration 
in each subject. The t-test of difference for each 
subj ect between aldosterone and control revealed 
that 24 hour after injection aldosterone enhanced 
potassium excretion in nine of 15 subjects and in 
five of 15 subjects after 72 hours (Table III) . 
The mean potassium concentration in the aldos-
terone-treated site wa 4.6 mEq/ L at 24 hours 
and 4.4 mEq / L, 72 hours after injection . The 
latter value is a.lso slightly but significantly 
higher than that of the control (4.0 mEq / L). 
There was no difference in t he mean potas ium 
concentration. of the control sites at 24 and 72 
hours. 
Figure 4 sho-v  plots of Na / K ratio vs. sweat 
rate for 14 subject and Figure 5 for the one sub-
ject who was studied for nine days after aldos-
terone injection. Ten of 15 ubjects showed 
depre sion of Na / K ratio 24 hours after injection, 
whereas, at 72 hours, N a / K ratio approximated 
the control levels in mo t subjects. 
In subject JH (Figure 5) the N a / K ratio re-
turned to the control level in five day , but the 
sweat rate wa still lower than the control nine 
days after injection. 
Table IV hows the N a / K ratio for the 15 
ubjects. Sodium concentrations in Table II and 
potassium concentrations in Table III were u. eel 
to calculate thi ratio. Suppression of Na/ K ratio 
TABLE III 
Potassium contenlrations for 15 subjects treated with aldosterone 
2~ hours 
Subject I Aldosterone Control 
Mean± S.E. Mean± S.E. 
(meq/ L) (mey/ L ) 
(A) (B) 
--
1. PJ 4.6 ± .08 -t.6 ± .09 
2. HH 5.4 ± .32 ~ .9 ± .18 
3. DG 5 .4 ± . Hi 4.1 ± .27 
4. FM 5.1 ± . Hi 4 .5 ± .07 
5. MM 3.0 ± .01 2.G ± .02 
G. AS 3.8 ± .05 3 .7 ± .14 
7. KJ 3. 6 ± .12 3.0 ± . 19 
8. TD 5.2 ± .19 4.2 ± . 11 
9. IJ 6.2 ± .46 5.5 ± .24 
10. HV 5.2 ± .25 4 .8 ± .10 
11 . . JB 4.6 ± . 1-1 3.9 ± .02 
12 . NN 5 .2 ± . 04 4.8 ± . 00 
13. co 3.9 ± .21 3 .0 ± .05 
14 . . JN 4.2 ± .13 3. (j ± . 08 
15 . GB 3.7 ± .08 3.7 ± .04 
Mean± I 4 .6 ± .23 I 4 .1 ± .14 
S.E .M. 
:- test of difference 
for each subject 
.00 
.00 
.00 
.00 
.00 
.o 
.00 
.00 
between 
(A) and (B) 
Nf-' 
NS 
5 < p < .01 
5 < p < .01 
1 < p < .005 
N:--; 
NS 
1 < p < .005 
NS 
1 < p < .005 
1 < p < .02 
p < .001 
1 < p < .005 
1 < p < .005 
NS 
--- --
NS: Not significant at the 5o/r. level. 
* Significant at the 10% level. 
I i2 hours 
, __ Difference 
between 
Aldosterone Contro l t-test of difference A and B (%) 
Mean± S.E. Mean± S.E . for each subject (A- B)/ B (meq/ L ) (meq/ L) between 
(C) (D) lC) and (D) 
3.9 ± .07 3 .8 ± .05 N~ 0 
5.2 ± .21 4 .8 ± .30 N~ 10.2 
4.0 ± .08 3. (j ± 1.1 . 02 < p < .05 31.7 
4 .7 ± .16 4.6 ± .05 NS 13.3 
2 .9 ± .13 2.9 ± .14 NS 15 . ~ 
-1-.0 ± .18 3.8 ± .16 NR 2.7 
3.4 ± .20 3.2 ± .20 NR 20.0 
5 .1 ± .20 4.3 ± . 13 .01 < p < .02 23 .8 
-1.9 ± .15 4.3 ± . 17 .02 < p < .05 12.7 
5.4 ± .06 4.8 ± .03 p < .001 8.3 
4.4 ± . 14 4.0 ± .14 NS 17 .9 
5 .8 ± . H.l 5.3 ± .14 NR 8.3 
3. 9 ± .1:3 3.4 ± .15 .02 < p < .05 30 .0 
4 .2 ± .08 3.7 ± .07 p < .001 16.7 
3 .5 ± .08 3.7 ± .07 NS 0 
--
4.-l ± .11 4.0 ± .18 14 .1 ± 2.42 
p < .001 
Difference Difference 
between between 
C and D C%) A and C (%) (C- D) j D (A- C)/C 
2 .6 17.9 
8.3 3.8 
11.1 35.0 
2.2 8.5 
0 3.4 
5.3 -5.0 
6 .3 5.9 
18 .6 2.0 
14.0 26.5 
12.5 - 3.7 
10 .0 4.5 
-9.4 - 10. 3 
14 .7 0 
13 .5 0 
-5.4 5.7 
8.2 ± 1.60 6.3 ± 2.97 
p < .001 .05 < p 
NS* 
Difference 
between 
Band D (%) 
(B- D)/ D 
15 .8 
2.1 
13 .9 
-2.2 
- 10 .3 
-2.6 
-6.3 
-2.3 
2.8 
0 
-2.5 
-9.4 
- 1.2 
-2.7 
0 
-0.6 
± 1.79 
p > .7 
NS 
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FIG. 4:. Plots of Na/ K ratio vs. sweat rate for the 1-! subjects treated with aldo terone 
wa significant only at 24 hour after the injec-
tion of aldosterone. 
B. Hydrocortisone 
Hydrocortisone showed no significant effect on 
the sweat rate either 24 hours or 72 hour after 
injection (Table V). Table VI shmvs the estimated 
values of sodium concentration at sweat rate of 
10 and 15 ml j min j m2 for the nine subjects. 
Sodium concentrations were significantly lower 
at both sweat rate 24 and 72 hours after injec-
tion. The effect of hydrocortisone on potassium 
excretion (Table VII) was similar to that of 
aldosterone. Five of nine ubjects showed an 
increased potassium excretion at 24 hours and 
four of nine subjects 72 hours after injection. 
Mean potassium concentrations in nine subjects 
were consistently higher than those of the con-
trols throughout the 72 hour . As a result of 
con istently low sodium and high potassium 
455 
TABLE IV 
l\~a/K ratio f or the 15 subjects 
24 hours 
SR = 10 SR = 15 
Subject 
I 
Aldosterone Control 
Decrease Aldosterone Decrease Aldosterone 
(A) (B) (B - A)/B, (C) 
Control (D) (D - C)/ D, % (E ) 
% 
1. PJ 5.7 11 .1 49 .1 10 .7 17 .6 39.5 
8 .0 
2. HH 13. 9 16 .7 17 .0 18.3 20 .4 10 .2 12 .5 
3. DG 17 .0 25 .6 33. 5 20 .2 28 .8 29 .8 2
5.8 
4. FM 14.9 15 .6 4. 2 19.0 20.7 8 .0 16 .6 
5. MM 5.7 13 .9 59 .1 8. 0 18 .5 56.7 10 .0 
6. AH 5.8 12 .4 53. 4 9.7 17 .3 43 .7 7.3 
7. KJ 17 .5 28.7 39 .0 20.8 31.7 34.2 2
2 .1 
8. TD 15 .8 21.0 24 .7 17 .5 22 .6 22.6 13 .3 
9. IJ 4.8 7 .3 33.4 7.6 10.4 26 .8 
6.1 
10. HV 18 .3 19.4 5.7 19.2 20 .8 7.7 18 .2
 
11 . JB 4. 1. 8. 2 5.0 8.0 13 .6 40.8 5.5
 
12. NN 13 .9 19.G 29 .3 17.1 21.5 20.2 11.9 
13. co 18 .5 29 .7 37.8 23. 3 34.0 31.4 21.5
 
14. JN 12 .6 20. 3 37 .8 16.7 23 .6 29.4 19.5 
15. GB 7.3 8 .1 10 .0 13.2 12.7 -4.3 10 .6 
-----
Mean 11.7 17.2 29 .3 15 .3 20.9 21.4 13 .9 
± S.E.M. ± 1. 37 ± 1.78 ± 4.44 ± 1.34 ± 1.70 ± 4.05 ± 1.59 
t-test p < .001 p < .001 
BH: Sweat rate ml / rni n/ rn2 ; NS: Not significant at the 5% level. 
72 hours 
SR = 10 
Control Decrease Aldcsterone 
(F ) (F- E)/F, (G) % 
8 .9 10 .7 18.5 
14 .4 13.1 17.1 
27.5 6.4 29.0 
12 .8 -29 .4 20.4 
10.0 0 15.2 
7.6 5.0 10 .0 
23 .1 4 .6 26 .2 
15.8 15.7 18.0 
7.0 12.3 10.5 
20.0 9.3 19.1 
6.8 19.3 11.6 
14.9 20 .2 15.3 
24.7 12.8 24.9 
23 .5 17.0 21.2 
7 .6 -39.6 16 .9 
---
15 .0 5.2 18 .2 . 
± 1.78 ± 4.51 ± 1.42 
N.S. 
SR = 15 
Control 
(H) 
18 .7 
17.1 
29.0 
20.4 
15.2 
11.6 
27.5 
21.4 
11.2 
20.4 
12.8 
17.9 
28.5 
25.1 
12.7 
19 .3 
± 1.53 
Decrease 
(H - G)/ H, 
% 
1.2 
9.7 
7.6 
-10 .6 
0 
13.6 
4.8 
15.7 
10.4 
6.6 
9 .1 
14.4 
12.8 
15.7 
-32.8 
5.2 
± 3.16 
N.S. 
~ 
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TABLE V 
M ean and ma:rimal sweat rates fo r n i n e subjects lrealecl wi th hydrocortisone 
2-t hours 72 hours 
Cont rol Hydroccrtisone 
I Decrease in sweat Control I Hydrocorti sone Subject (ml/ min/ m2) (ml/ min / m2) ra te (%) (ml/ min/ m2) (ml/min/ m2) 
-
Mean Max. I Mean Max. Mean Max. 
Mean Max. Mean Max. 
I 
1. ws 15.0 30.5 I 13. 1 18. 1 I 1(). 0 40.7 15 .0 22. 6 12 .5 17 .
2 
2. IJ 14 .5 29.3 12.9 26.6 I 11.0 9 .2 12.8 20 .4 11. 4 17 .8 3. FL 1-! .4 20.8 12.9 18.6 lO A 10. 6 13. 5 19 .7 13. 2 21.6 
4. DC 14.6 22.3 14. 7 23.3 -6.8 -4. 5 15 .9 26 .1 17 .0 29 .6 
5. E V 14.4 24.9 14.7 23. 0 -2. 1 7 .6 11 .8 19 .0 10 .5 17. 6 
6. NN 10 .3 15.4 I 9. 1 13. 7 11 .7 11 .0 10 .9 16.7 10 .2 15.6 I 
7. CH 13. 0 20.5 I 15. 7 27.9 -20.8 -36. 1 17 .3 25.1 18 .6 26. 6 i 
8. co 19.2 29.6 I 18.7 31.1 2 .6 - 5.1 13.2 23. 1 13 .3 25.3 
9. JB 13.9 25.5 12 .8 22. 7 7 .9 11 .0 10.7 18. 9 11 .0 20.5 
-----
---------
-
Mean 14 .-1 24.3 13.8 22.8 3.3 4 .9 13. 5 21.3 1. 31 21. 3 
± S.E.M. ± 0.80 ± 1. 60 ± 0.90 ± 1. 66 ± 3.67 ± 6.36 ± 0.61 ± 0. 95 ± 0.88 ± 1.55 
NS NS 
I 
- --
---
- -
-
- ~----
NS: N ot significall t at the 5% level . 
I Decrease in sweat rate (%) 
Mean Max. 
-
16 .7 23 .9 
10.9 12.7 
2.2 - 9. 6 
- 6 .9 - 13.4 
11.0 7.4 
6.4 6.6 
- 7.5 - 6.0 
- 7.6 -9.5 
- 2.8 - 8.5 
------
--
2.5 2.5 
± 1.55 ± 4. 01 
NS NS 
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TABLE VI 
Eslimated values of sodium concentration for the nine subjects treated with hyd1·oco1·tisone 
24 hours 72 hours 
SR = 10 SR = 15 SR = 10 SR = 15 
Subject 
A B c D E F G H Hydro- Control Hydro- Control Hydro- Centro I Hydro- Control 
cortisone cortisone cortisone cortisone 
(meq/L) (meq/L) (meq/L) (meq/L) (meq/L) (meq/L) (meq/L) (meq/L) 
1. WP., 30 38 51 63 35 41 53 62 
2. lJ 28 32 46 49 25 40 39 56 
3. FL 18 33 37 52 1G 30 28 48 
4. DU 4 10 95 114 79 103 93 110 
5. EV 29 49 37 57 34 37 55 61 
G. NN 75 90 95 104 81 84 0 '" ..,i) 98 
7. CH :u 43 50 70 17 27 32 46 
8 . co 56 88 75 98 47 89 70 100 
9. JB 19 35 28 42 30 40 52 63 
Mean± 41 ± 7. 7 57 ± 9.7 57 ± 8.0 72 ± 8.3 40 ± 8.0 55 ± 8.7 57 ± 8.0 72 ± 7.0 
R.E.· 1. 
p < .001 p < .001 p < .001 p < .001 
t test of difference between A and E, NR; Band F, NS; C aud G, NR; D and H , NR . 
. n: Sweat rate (m1/min/m 2); NR: Not significant at the 5o/c level. 
concentration , the Na/K ratio remained signifi-
cantly low both 24 and 72 hours after injection 
(Table VIII and Figure 6). 
DISCUSSION 
The long latency in the sweat gland response 
to . ystemically administered aldo terone and 
de o:~.·ycorticosterone acetate (DOCA) has been 
previously demon trated (4, 5, 14). Collin (-!) ob-
served that after the systemic administeration of 
aldosterone, sweat N a / K ratio did not begin to 
decrease for about ix hours, reaching a mini-
mum between 12 and 30 hours (average 24 hours) 
and returning to normal in two days. 
We observed a similar re ~ponse de pite an 
entirely different route of aldo terone adminis-
tration and a different method of S\Yeat induction. 
Our findings also agree with Collins' (4) observa-
tion that aldosterone decrea ed the rate of sweat 
ecretion at the time when N a j K ratio was lowest, 
i.e., 24 hour after injection. 
'I'hi decrea e in sweat rate may be due either 
to an increa e in the reab orption of water by the 
duct (back diffusion) or to an inhibition of secre-
tion of precursor fluid. Aldosterone decreases 
urinary :flow by enhancing water reabsorption at 
the di tal tubule of the kidney (9). Hydro-
cortisone, on the other hand, has no effect on 
urinary flow or water reabsorption, although 
both steroids increase sodium for potassium ex-
change in the kidney. These results are com-
parable to their effects on the sweat gland in that 
aldosterone, but not hydrocortisone, reduces the 
sweat rate. However, whether water reabsorption 
occurs in the sweat duct (back diffusion of 
water) remains unsettled. Schwartz and Thaysen 
(15) attributed a sweat / plasma urea ratio of 
greater than one to back diffusion of water. This 
view was opposed by Brusilow (16) who postu-
lated that the high sweat/ plasma urea may be 
due to the synthesis of urea by the sweat gland. 
In the present study, sweat urea concentrations 
were· studied in several subjects and no increase 
wa. observed after treatment with aldosterone 
de ·pite marked suppre sian of the sweat rate 
(our unpublished data). However, the eorrect 
interpretation of this finding is not po sible since 
\Ye have no data regarding the permeability of 
the ductal cell membrane to urea, e~pecially 
under the influence of aldosterone. Another 
pos ibility is that aldo terone inhibits the . ecre-
tory cells or nerves . upplying the sweat glands. 
'The concentration of aldosterone used in thi 
tudy is relatively high (1 X 10-4 1\tl) even if it i 
TABLE VII 
Pota.'lsiurn concentrations for the nine subject s treated with hydrocortison e 
24 hours 72 hours 
Difference 
between 
Subject Hydrocortison e Control t-test cf difference Hydrocor tisone Control t-test of difference A and B (%) 
Mean± S.E. Mean± S.E. for each subject Mean± S.E. Mean± S.E. for each subject (A- B)/ B 
(meq/ L) (meq/ L) between (meq/ L) (meq/L) between 
(A ) (B) (A) and (B) (C) (D) (C) and (D) 
1. WS 3.7 ± .05 3.5 ± .25 NS 3.9 ± .09 3.4 ± .05 p < . 001 5 .7 
2. IJ 5 .8 ± .OG 5.5 ± .30 NF; 3.7 ± .13 4.3 ± .17 NS 5.5 
3. FL 4.0 ± .08 3 .5 ± . 11 . 001 < p < . 005 4.2 ± .05 3.4 ± .09 p < .001 14.3 
4. DG 4.2 ± .09 3. 5 ± .10 .001 < p < .005 4.4 ± . 14 3 .8 ± .20 .005 < p < .01 20.0 
5. EV 4 .0 ± .17 3 .7 ± .01 NS 3.8 ± .13 3.5 ± . 12 NS 8 .1 
6. NN 5.4 ± .06 -! .8 ± .04 p < . 001 5.G ± . 14 5.4 ± .10 NS 12.5 
7. CH 4.3 ± .18 3.5 ± .20 . 01 < p < . 05 3. 7 ± .15 3 .4 ± .16 NR 22.9 
8. CD 4.4 ± .09 3.4 ± .04 p < .001 4.G ± .06 3 .3 ± .09 p < .001 29.4 
9. JB 4.1 ± .03 4 .0 ± .08 NS 3.7 ± . 11 3.9 ± .13 NS 2.5 
Mean± 4.4 ± .22 3.9 ± .23 4 .3 ± .20 3.8 ± .21 13.4 
S.E.M . ± 2.87 
I 
p < .005 
---
NS: Not significant at the 5% level. 
Difference Difference 
between between 
C and D (%) A and C 
(C- D)/ D (%) (A- C)/ C 
14.7 5.1 
9.3 23.4 
23.5 -4.8 
15 .8 -4.5 
8.5 5 .3 
3.7 - 3 .6 
8 .8 16.2 
39.4 -4 .3 
-5.1 10.8 
-----
13.2 4.8 
± 3.97 ± 3.07 
p < . 05 NS 
Difference 
between 
Band D 
(%) 
(B- D)/ D 
2.9 
27.9 
2.9 
-7.9 
5.7 
- 11.1 
2 .9 
3.0 
2.G 
----
3.2 
± 3.18 
NR 
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TABLE VIII 
1\~ a/ K mlio for I he nine subjects I rea ted with hydrocortisone 
24 hours 
SR = 10 SR = 15 SR = 10 
Subject 
Hydro- Control Decrease Hydro- Control Decrease 
Hydro- Con trol 
corti sone (B ) (B - A)/ B, % cortisone (D) (D- C)/D,% cortisone (F) (A) (C) (E ) 
1. ws 8.1 10.9 25.7 13.9 18. 1 23.2 9.0 12.1 
2. IJ 4.8 5.8 17.2 7.9 8.9 11. 2 5.3 9.3 
3. FL 4.5 9.4 52. 1 9.2 14.9 38.3 3.8 8.8 
4. DG 20.0 30.9 35.3 22 .7 32 .6 30 .4 18. 0 27. 1 
5. EN 7.3 13.2 44.7 9.2 15.5 40.6 9.0 10. 6 
6. NN 13.9 18.8 . 26.1 17.7 21.7 18.4 14.5 15 .6 
7. CH 7 .2 12 .3 41.5 11 .6 20.0 42.0 4.6 7.9 
8. CD 12.7 . 25.9 51.0 17.1 28.8 40 .6 10 .2 27.0 
9. JB 4.6 8.8 47.7 6.8 10 .5 35.2 8. 1 10 .3 
-----
--------
--
Mean 9 .2 15. 1 37.9 12 .9 19.0 31.1 9 .2 14.3 
± S .E .M. ± 1. 68 ± 2.07 ± 3.96 ± 1.68 ± 2.47 ± 3.48 ± 1. 44 ± 2.38 
p < .001 p < .001 
--
SR: Sweat rate (ml/min/m2) 
72 hours 
Decrease Hydro-
(F- E)/ F, % cor ti sone (G) 
25.6 13.7 
43 .0 8.2 
56.8 6.7 
33 .6 21.1 
15.1 14 .6 
7.1 17.0 
41.8 8.7 
62.2 15 .2 
21.4 14 .1 
34.1 13 .3 
± 5.82 ± 1. 41 
p < .001 
SR = 15 
Contro l (H) 
18 .2 
13. 0 
14.3 
29.0 
17 .5 
18.2 
13.7 
30.3 
16 .1 
18 .9 
± 2.03 
Decrease 
(H- G)/H,% 
24.7 
36.9 
53.1 
27.2 
16.6 
65.9 
36.5 
49.8 
12 .4 
35.9 
± 5.57 
p < .001 
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FIG. 6. Plots of N a/K ratio vs. sweat rate for the nine subjects treated with hydro-
cortisone. 
immediately diluted after injection by the inter-
stitial fluid . Although it seems less likely that 
aldosterone vwuld inhibit active transport of the 
secretory cells while enhancing that of the ductal 
cells, the possibility is still open to further 
investigations. 
The suppression of the Na/ K ratio after the 
administration of aldosterone or hydrocortisone 
reflects either a decrease in sodium excretion, 
an increase in potassium excretion, or both. In 
the renal tubule, Yunis et al. (9) have suggested 
that aldosterone decreases sodium excretion by 
enhancing sodium for potassium exchange. 
Slegers (17) assumed that a similar mechanism 
occurred at the distal portion of the sweat duct. 
In the present study, 24 how·s after injection of 
aldosterone, the mean decrease in sodium con-
centration was 13 and 15 mEq /L at sweat rates 
of 10 and 15 ml/min/ m2 respectively, and the 
increase in potassium concentration was 0.5 
mEq / L. Thi . · sodium to potassium ratio of 26 to 
30 eems too high to be accounted for solely by a 
~ a / K exchange mechanism because the usual 
N a; K exchange ratio is 3 to 1 or 3 to 2. 
Since both aldosterone and hydrocortisone 
elicit similar sodium-retaining effects on the sweat 
gland in physiologically comparable dose , and 
since 17 -hydrox.rcortisone, as well as aldosterone 
excretion increase after exposure to heat (19) 
endogenou ~ hydrocortisone might participate 
with aldosterone in the regulation of ._alt-reten-
tion by the sweat gland during acclimatization. 
However, further study is clearly indicated to 
elucidate the role of aldosterone and hydrocorti-
. one in the mechanism of heat acclimatization. 
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